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Experimental and numerical analysis of seismic performance of high-strength
steel fabricated framed-tube structure with replaceable shear link
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Abstract: High-strength steel fabricated framed-tube structure with replaceable shear link (HSS-FTS-RSL)
was proposed. One 2/3 scaled sub-structure specimen of HSS-FTS-RSL was fabricated. Low cycle
reciprocating loading test was carried out for the specimen to study its seismic performance, including
failure modes, hysteretic behaviors, and replaceability. The simplified numerical model of HSS-FTS-RSL
was established by using OpenSees, and the analysis results of this model had good agreement with the test
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results. Three simplified numerical models of HSS-FTS-RSL. with different layouts of shear links were

considered to investigate their seismic performance through the nonlinear dynamic analysis. The results

show that the specimen had good seismic performance, with the failure of energy dissipation beam section

under cyclic loading. The maximum interstroy drifts could meet the demands in the seismic code under the

ground motions. The high-strength steel could reduce the stress in spandrel beams and columns but not

increased the amount of steel of the structures. The maximum residual story drifts ranged from 0. 028% to

0.148%, which were lower than the maximum residual story drift of 0. 41% for replacing shear links

obtained from the test. Considering the seismic performance and repairability of the structure, it was
suggested that the shear links of HSS-FTS-RSL should be arranged in three-span interval according to the

analysis results.

Keywords: steel framed-tube structure; shear link; experimental study; seismic performance; simplified

numerical analysis
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Fig. 2 Geometrical dimensions and details of the specimen
&2 MEREAF SR
Table 2 Mechanical properties of steel
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t/mm E/10°MPa fy/MPa  f./MPa  &/%
Q235B-8 7.90 2. 00 302 447 31.23
Q235B-10 9. 89 2.01 290 428 34,29
Q460C-10 10. 17 1. 95 547 611 21. 04
Q460C-12 12,14 1.95 616 695 21.45
Q460C-16 16. 01 2.03 621 670 20. 91
10. 9sC(i#8) 407 2.00 1101 1137 11.47
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Table 4 Calibration of Steel02 parameters
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Fig. 17 Hysteretic curve and skeleton curve of test and simulation
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Table 5 Sections of structural members

B2 FERE s ke gk FERERREL MHEZE
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16~20 [1520< 36 1500 22 H500X340X16X22 H560X220X14X18 H310X200X12X14

H650X200X14X18

11~15 [1580X40 [1540X 22 H540 X340 X18X 22 H600X220X14X18 H330X200X12X14

6~10 [ 164045 [1550X 25 H580 X360 X20X25 H640X220X14X18 H350X200X12X14
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Table 5 Details of ground motions
|| 3 -
- - 7R B Wr)Z  PGV/
I_. ) R A = - PGA/g
|| N =) i /km (ecmes!)
= — RSN9 El Centro Array #9 6.5  56.88 6.2 0. 066
| [ | | RSN93  Whittier Narrows Dam 6. 61  39. 45 10. 1 0.101
. L — e
B 19 HEEETEYNIRE RSN163 Calipatria Fire Station 6.53 23.17  15.5  0.129
Fig. 19 Meshing details of box section
RSN172 EI Centro Array£1 6.53 21.68 16 0. 141
$E 5 R RIRHFE DL, [ ] SeismoSiginal F 4 AR 4
RSN186 Niland Fire Station 6.53  36.92 12.2 0.109
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Fig. 20 Design spectra and scaled earthquake spectra
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Table 6 Comparison of model analysis

JEI/ s
ij HSSFTS-RSL1 HSS-FTS-RSL2 HSS-FTS-RSL3
OpenSees  SAP2000  OpenSees  SAP2000  OpenSees SAP2000
1 4.78 4.77 4.78 4.77 4. 81 4. 79
2 4.78 4.77 4.78 4.77 4. 81 4. 79
3 2.80 2.75 2. 80 2.75 2.82 2.76
4 1.75 1.75 1.75 1.75 1.76 1.76
5 1.75 1.75 1.75 1.75 1.76 1.76
6 1.08 1. 06 1.08 1. 06 1.08 1.07
7 1.02 1. 02 1.02 1.02 1.03 1.03
8§ 1.02 1.02 1.02 1.02 1. 03 1. 03
9 0.72 0.72 0.72 0.72 0.73 0.72
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Table 7 Plastic hinges estimation
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Fig. 21 Plastic hinge distributions (RSN9)
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Table 8 Base shear force of structures
FENEDY J1/kN
Hi R HSS-FTS-RSL1 HSS-FTS-RSL2 HSS-FTS-RSL3
7 th PN [EDN /I h N [EPN /h ol N [EPN

RSN9 4 354 9 262 13 847 16 454 4353 9 490 14 287 17 001 4 218 8832 12661 15 493
RSN93 3 316 7 630 11 372 13 416 3 315 7822 12 168 14 160 3257 7597 10 386 12 050
RSN163 5114 10 237 13 717 16 310 5113 10 590 14 502 16 652 5016 9866 12 219 14 323
RSN172 3 875 8 547 11 089 16 063 3 872 8 787 11 480 16 142 3 756 8231 10936 15 210
RSN186 4 384 9 451 13 119 16 935 4 383 9775 13 749 16 878 4 286 9138 12078 16 326
AT 1 4799 8 934 12 415 15 442 4796 9 247 12 757 15 886 4653 8773 11 384 13 950
ANT.2 4 686 10 845 15073 19 013 4 686 11 050 15 251 18 859 4601 10482 13899 17 213
XM 4 361 9 272 12 947 16 233 4 360 9 537 13 456 16 511 4 255 8988 11938 14 938
b 22 605 1063 1424 1677 605 1084 1363 1412 592 966 1168 1692
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Fig. 22 Stress curves of corner columns
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Fig. 23 Interstory drifts of structures
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Fig. 24 Comparison of residual story drift of structures
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